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7KLVVWUHVVLVOLPLWHGE\WKHYDOXHRI03DLQFRPSUHVVLRQGXHWRVWDELOLW\RIDUDLODQGE\03DLQWHQVLRQ
FRPLQJIURPIDWLJXH IUDFWXUH OLPLWDWLRQ7KHPDJQLWXGHRI WKHDGGLWLRQDO VWUHVV LVGHSHQGVRQ WKH VWDWLF VFKHPH
GLVWULEXWLRQRIEHDULQJVDQGRQWKHH[SDQVLRQOHQJWKRIDVWUXFWXUHDVJLYHQLQWKH8,&FRGH
,IWKHUHTXLUHGUHJXODWLRQVDUHQRWSRVVLEOHWRPHHWLWLVQHFHVVDU\WRDGRSWDGGLWLRQDOVWHSVOHDGLQJWRWKHUHGXFWLRQ
RI WKH VWUHVV YDOXHV LQ UDLOV 7KLV FDQ OHDG WR WKH DSSOLFDWLRQ RI WKH ³UDLO H[SDQVLRQ GHYLFH´ZKLFK DUH KRZHYHU
H[SHQVLYH KDYH GHPDQGLQJPDLQWHQDQFH UHTXLUHPHQWV DQG KDYH ORZ OLIHWLPH SHULRG 7R DYRLG WKLV XQIDYRUDEOH
VROXWLRQWKHUHGXFWLRQRIWKHH[SDQVLRQOHQJWKFDQEHFRQVLGHUHG)RUWKLVSXUSRVHWKHVWHHULQJURGV\VWHPW\SH0H\HU
:XQVWRUIFDQEHXVHG7KLVV\VWHPXVHVPHFKDQLVPRIOHYHUVWKDWLVDEOHWRUHGXFHWKHH[SDQVLRQOHQJWKE\DKDOI7KH
VFKHPHDQGWKHWHUPLQRORJ\RIWKHV\VWHPLVGHSLFWHGLQ)LJDQGWKHSULQFLSOHRIUHVSRQVHWRWKHUPDOH[SDQVLRQDQG
WKHHIIHFWRIKRUL]RQWDOIRUFHVFDQEHREVHUYHGLQ)LJ7KHV\VWHPLVVWDWLFDOO\GHWHUPLQDWHWKHUHIRUHQRLQWHUQDO
IRUFHVDUHIRUPHGGXULQJWHPSHUDWXUHFKDQJH:LWKWKHKHOSRIWKHMRLQURGVDFFHOHUDWLRQIRUFHVDUHGLVWULEXWHGEHWZHHQ
WKHVXSSRUWVDQGWKHUDWLRRIGLVWULEXWLRQFDQEHDGMXVWHGE\WKHFKDQJHRIWKHOHYHUGLPHQVLRQV


)LJ7KHVFKHPHDQGWKHWHUPLQRORJ\RIWKHV\VWHP

)LJ7KHSULQFLSOHRIUHVSRQVHWRDWKHUPDOH[SDQVLRQEKRUL]RQWDOIRUFHV
7KHWKHRU\RIWKHV\VWHPLVZHOOGHVFULEHGDQGDQXPEHURIEULGJHVKDYHEHHQEXLOWLQ*HUPDQ\KRZHYHUWKHDFWXDO
EHKDYLRXURIWKHV\VWHPDWSUDFWLFHLVGHWHUPLQHGE\QXPEHURIYDULDEOHSDUDPHWHUVVXFKDVWKHVWLIIQHVVRIWUDFNEHG
WKHSDUDPHWHUVRIWKHVWHHULQJEDUWKHEHDULQJDQGKLQJHVFOHDUDQFHVDQGWKHEHKDYLRXURIYDULRXVKLQJHGMRLQWV:LWK
UHJDUGVWRWKHVHILQGLQJVVHYHUDOGHPDQGLQJH[SHULPHQWDOPHDVXUHPHQWVKDYHEHHQSHUIRUPHGRQWKHILUVWUDLOZD\
EULGJHLQWKH&]HFK5HSXEOLFZKHUH0:V\VWHPZDVDSSOLHG$WWHQWLRQKDVEHHQIRFXVHGRQERWKWKHEUDNLQJDQG
DFFHOHUDWLQJORDGLQJWHVWDQGWKH\HDUORQJPRQLWRULQJRIWKHEULGJHDQGWKHVWHHULQJEDUUHVSRQVHV
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'HVFULSWLRQRIWKHPRQLWRUHGEULGJH
7KHPRQLWRUHGEULGJHRQWKHUDLOZD\OLQHEHWZHHQ7iERU±6XGRPČĜLFHX7iERUDDWNPRYHUWKH'KLJKZD\
LVWKH/DQJHUEHDPW\SHZLWKORZHURWUKRWURSLFEULGJHGHFN,WFUHDWHVDVXSSRUWIRUGRXEOHWUDFNZLWKDUFKUDGLXVHV
PDQGPZKLFKLVLQYROYHGLQ,9WKUDLOZD\FRUULGRUFRQQHFWLQJ3UDJXHDQGýHVNp%XGČMRYLFH7KHERWK
EULGJHEHDPVDUHSURYLGHGZLWKKDQJHUVZKHUHWKHPLGGOHVHWRIDUHIRUPHGWRWKH:VKDSHDQGDUHGHVLJQHGWR
UHVLVWFRPSUHVVLRQ IRUFHVDVZHOO7KHVSDQRI WKHEULGJH LVPDQG WKHSRWEHDULQJVZKLFKDOORZ ORQJLWXGLQDO
GLVSODFHPHQWRIWKHEULGJHDUHXVHGIRUERWKVXSSRUWV7KHVXSSRUWSLOODULQWKHGLUHFWLRQWR3UDJXHLVFDOOHG3DQG
WKHVXSSRUWLQWKHGLUHFWLRQWRýHVNp%XGČMRYLFHLVPDUNHGE\23$IO\RYHURIHLJKWPVSDQVZLWKVWHHOFRQFUHWH
FRPSRVLWHFURVVVHFWLRQLVFRQQHFWHGWRWKHPRQLWRUHGEULGJHLQWKHGLUHFWLRQWR3UDJXH7KHIO\RYHUKDVDQRQPRYDEOH
EHDULQJRQWKHVXSSRUWWKDWLVVKDUHGZLWKWKHPRQLWRUHGEULGJH7KHVWHHULQJURGV\VWHPKDVEHHQDSSOLHGIRUWKHPDLQ
VSDQVRWKHH[SDQVLRQOHQJWKRIWKHEULGJHFRXOGEHUHGXFHGE\DKDOI


)LJ9LHZRIWKHEULGJHLQWKHGLUHFWLRQRIWKHFLW\3UDJXHIURP7iERU
'HVFULSWLRQRIWKHH[SHULPHQW
7KHVWDWLFDQGG\QDPLFORDGWHVWVZHUHSHUIRUPHGWRJHWKHUZLWKWKHEUDNLQJDQGDFFHOHUDWLQJWHVWVLQDXJXVW
ZKHUHWKHUHVSRQVHRIERWKWKHVWUXFWXUHDQGWKHVWHHULQJEDUV\VWHPWRKRUL]RQWDOIRUFHVZDVPHDVXUHG
7ZRW\SHVRIORDGVZHUHXVHGGXULQJWKHEUDNLQJDQGDFFHOHUDWLQJWHVWV7KHORFRPRWLYHW\SHDQGWKHVL[IUHLJKW
ZDJRQVW\SH)DFFSSILOOHGZLWKJUDYHOIRUPHGDVHWWKDWZDVDSSOLHGRQERWKWUDFNVDQGXVHGDVWKHILUVWORDG
W\SH 7RWDO ZHLJKW RI WKH VHWV ZDV  W:KLOH WKHPD[LPDO EUDNLQJ IRUFHVZHUH  N1 DFFHOHUDWLRQ FDXVHG
KRUL]RQWDOIRUFHVRQO\N17KHVHFRQGW\SHRIORDGZDVFUHDWHGE\WZRORFRPRWLYHVW\SH³ýPHOiN´RQWKH
ILUVWWUDFNDQGWZRORFRPRWLYHVW\SH³%DUGRWND´RQWKHVHFRQGWUDFN7RWDOZHLJKWRIWKLVW\SHRIORDGZDV
WEUDNLQJIRUFHVZHUHN1DQGDFFHOHUDWLQJIRUFHV UHDFKHGN17KHVHWVZHUHEUDNLQJZLWK WKHPD[LPXP
HIILFLHQF\DQGWKH\VWRSSHGDWWKHGHILQHGORFDWLRQRQWKHEULGJHIURPZKLFKWKH\ZHUHDFFHOHUDWLQJDJDLQZLWKWKH
PD[LPXPHIILFLHQF\LQWKHRSSRVLWHGLUHFWLRQ


)LJ[ORFRPRWLYHWýPHOiNDQG[ORFRPRWLYHW%DUGRWNDRQWKHEULGJH
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
/DUJHQXPEHURIYDULRXVVHQVRUVZDVXVHGIRUWKHVWUXFWXUHPRQLWRULQJ,WFRQVLVWHGRI
 YHUWLFDOGHIOHFWLRQRIWKHEULGJH[LQWKHPRGVSDQ
 KRUL]RQWDOGLVSODFHPHQW[LQEHDULQJV[VWHHULQJURG[SLHUGLVSODFHPHQW[WUDFNGLVSODFHPHQW
 VWUDLQJDXJHV[LQWKHUDLO[MRLQURG[VWHHULQJURG
 WHPSHUDWXUHVHQVRUUDLO[VXSHUVWUXFWXUH[
 VSHHGVHQVRUVVXSHUVWUXFWXUH[KDQJHUV[
7KHKRUL]RQWDOGLVSODFHPHQWRIWKHSLOODUZDVPHDVXUHGXVLQJWKHVWDQGDUGVWULQJVDQGLQGHSHQGHQWO\XVLQJWKHUDGDU
LQWHUIHURPHWU\7KHPDMRULW\RIWKHVHQVRUVZHUHOHIWRQWKHVWUXFWXUHIRUWKHORQJWHUPPRQLWRULQJ
0DLQUHVXOWVRIWHVWV
4.1. Braking and accelerating load tests 
5HVXOWVRIWKHGHVFULEHGPHDVXUHPHQWVDUHUDWKHUH[WHQVLYHDQGGLIILFXOWWRHYDOXDWH7KLVSDSHUSUHVHQWVWKHPRVW
LQWHUHVWLQJGDWDVKRZLQJWKHEHKDYLRXURIWKHEULGJH7LPHKLVWRU\RIWKHPHDVXUHGTXDQWLWLHVZKHUHWKHVHWVRIWKH
ORFRPRWLYHVW\SHDQGZHUHEUDNLQJLQWKHGLUHFWLRQWR&]HFK%XGZHLVDQGWKHQDFFHOHUDWLQJLQWKHRSSRVLWH
GLUHFWLRQDUHVKRZQLQWKH)LJ±+HUHWKHYDOXHRIKRUL]RQWDOIRUFHVIURPEUHDNLQJUHDFKHGN1DQGGXULQJ
WKHDFFHOHUDWLRQKRUL]RQWDOIRUFHVZHUHN1DVVKRZQLQWKH)LJ
7KH)LJVKRZVWKHDYHUDJHGLVSODFHPHQWLQWKHEHDULQJVIURPWKHPLGGOHRIWKHEULGJH)URPWKLVGLVWULEXWLRQLW
LVQRWLFHDEOHWKDWWKHVWDWLFHIIHFWRIWKHYHUWLFDOIRUFHVKDVJUHDWHULQIOXHQFHRQWKHGLVSODFHPHQWVRIWKHHQGVWKDQWKH
HIIHFWRIKRUL]RQWDOIRUFHV$[LDOIRUFHVLQWKHVWHHULQJEDUDQGWKHMRLQURGVDUHVKRZQLQ)LJDQGWKHUHODWHG
VWUHVVYDOXHVUHDFKHGRQO\VHYHUDOPHJDSDVFDOV

)LJ&RXUVHRIWKHKRUL]RQWDOIRUFHV

)LJ$YHUDJHGLVSODFHPHQWLQWKHEHDULQJV
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
)LJ$[LDOIRUFHVLQWKHVWHHULQJEDU


)LJ$[LDOIRUFHVLQWKHMRLQURGV
7KHUHVXOWVRIWKHEUDNLQJDQGDFFHOHUDWLQJWHVWVSURYHVWKDWSDUWRIWKHKRUL]RQWDOIRUFHVLVWUDQVIHUUHGE\WKHUDLOV
RXWVLGHWKHEULGJH7KHEHDULQJVKDYHWKHGRPLQDQWLPSDFWRQWKHEHKDYLRXURIWKHZKROHV\VWHPVLQFHGXULQJWKH
PHDVXUHPHQWV DOO KRUL]RQWDO IRUFHVZHUH FDUULHG DOPRVW H[FOXVLYHO\ E\ IULFWLRQ IRUFHV LQ WKH EHDULQJV 7KXV WKH
PLQLPDOIRUFHVDUHWUDQVIHUUHGWRWKHVWHHULQJEDUV\VWHP7KHUHIRUHWKHVWUXFWXUHGRHVQRWEHKDYHDVDVVXPHGE\WKHRU\
EXWDVDZKROHLWWUDQVPLWVWKHKRUL]RQWDOIRUFHVGLUHFWO\WRWKHVXSSRUWV,WLVQHFHVVDU\WRSRLQWRXWWKDWWKHPD[LPXP
KRUL]RQWDOIRUFHVUHDFKHGN1GXULQJWKHORDGWHVWVDQGWKDWLVDSSUR[LPDWHO\IRXUWLPHVVPDOOHUWKDQWKHGHVLJQ
ORDGLQWKH(XURFRGHZKLOHWKHKHDYLHVWZHLJKWVWKDWDUHDYDLODEOHIURPWKH&]HFKUDLOZD\DVVRFLDWLRQZHUHXVHG
GXULQJ WKH WHVWV7KHPDLQ LQIOXHQFHRQDOOPHDVXUHGTXDQWLWLHVZDVREVHUYHGIURPWKHVWDWLFYHUWLFDOIRUFHVDQG LW
RXWZHLJKHGWKHHIIHFWRIWKHKRUL]RQWDOIRUFHV7KHMRLQURGVZHUHPDLQO\ORDGHGE\EHQGLQJPRPHQWVEXWWKHFUHDWHG
VWUHVV UHDFKHG LQVLJQLILFDQW YDOXHV 7KH GHIOHFWLRQ RI WKH ILUVW VSDQ RI WKH IO\RYHU KDG D QRWLFHDEOH HIIHFW RQ WKH
PHDVXUHGTXDQWLWLHV

)LJ7KHKRUL]RQWDOPRYHPHQWVPHDVXUHGE\UDGDULQWHUIHURPHWU\
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
,WVKRXOGEHDOVRQRWHGWKDWWKHUDGDULQWHUIHURPHWU\VKRZHGLWVHOIYHU\XVHIXOLQWKHFDVHRIPHDVXULQJORZYDOXHV
RIGHIRUPDWLRQVZKLOHWKHVWDQGDUGVWULQJVGLGQRWSURYLGHWKHUHTXLUHGDFFXUDF\6HH)LJ
4.2. Long-term monitoring of the bridge 
7KHLQWHUDFWLRQEHWZHHQWKHEULGJHDQGWUDFNVKDVEHHQPRQLWRUHGVLQFHDXJXVW8SWRWKHSUHVHQWWLPHWKH
GDWDWLOOWKHHQGRI2FWREHUKDVEHHQSURFHVVHG0HDVXUHGYDOXHVRIWHPSHUDWXUHZHUHZLWKLQWKHUDQJHIURP&
WR&7KHDYHUDJHYDOXHRIWKHPHDVXUHGGLVSODFHPHQWVLQWKHEHDULQJVLVVKRZQLQWKH)LJ

)LJ7KHDYHUDJHYDOXHRIWKHPHDVXUHGGLVSODFHPHQWVLQWKHEHDULQJV

)LJ$[LDOIRUFHVLQWKHVWHHULQJEDU3SLOODU
7KHGLVSODFHPHQWVFDXVHGE\WKHWHPSHUDWXUHFKDQJHRIWKHVXSHUVWUXFWXUHDUHDSSUR[LPDWHO\VPDOOHUQHDUWKH
VXSSRUW23WKDQDWWKHORFDWLRQRIWKHSLOODU37KHFHQWHURIGLODWDWLRQLVWKXVPRYHGE\DERXWPLQWKHGLUHFWLRQ
WRWKHVXSSRUW237KHYDOXHVRID[LDOIRUFHVLQWKHVWHHULQJEDUDQGLQWKHMRLQURGVDUHQRWGHSHQGHQWRQWKHDEVROXWH
YDOXHRIWHPSHUDWXUH7KHPD[LPDODPSOLWXGHRIVWUHVVLQWKHVWHHULQJEDUVHH)LJZDVPHDVXUHGLQWKHVLQJOH
XQLWVRI03DZKLFKFDQEH UHODWHG WR IULFWLRQ LQ WKH V\VWHP6R WKH UHVSRQVHRI WKHVWUXFWXUH LVYHU\FORVH WR WKH
WKHRUHWLFDODVVXPSWLRQV
7KHGLVWULEXWLRQRIWKHVWUHVVLQWKHUDLODORQJWKHOHQJWKRIWKHEULGJHLVVKRZQLQWKH)LJ7KHJUDSKVKRZVWKH
PRPHQWGXULQJWKHEUDNLQJWHVWZKHUHWKHORDGLQJVHWVDUHDERXWWRVWRSDQGZKHUHWKHKRUL]RQWDOIRUFHVUHDFKHGWKH
PD[LPDOYDOXH7KHGLVWULEXWLRQRIWKHVWUHVVHVLVLQDFFRUGDQFHWRH[SHFWDWLRQV±WKHFRPSUHVVLYHVWUHVVLVORFDWHGLQ
IURQWRIWKHEUDNLQJVHWDQGWKHWHQVLOHVWUHVVLQEHKLQG'HVSLWHWKHEUDNLQJHIILFLHQF\RIWKHVHWVWKHVWUHVVYDOXHVDUH
UHODWLYHO\ORZ
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)LJ7KHORQJLWXGLQDOGHYHORSPHQWRIWKHVWUHVVLQWKHWUDFN
/RQJLWXGLQDO7UDFN%DOODVW5HVLVWDQFHRI5DLOURDG7UDFNV
/RQJLWXGLQDOWUDFNEDOODVWUHVLVWDQFHZDVPHDVXUHGDWERWKVLGHVRIWKHEULGJH7KHK\VWHUHVLVORRSLQWKHVHFRQG
WUDFNLVGLVSOD\HGLQWKHILJ7KHGDWDZDVWDNHQGXULQJKRXUVF\FOHDWWKHVXSSRUW23LQWKHGLUHFWLRQWRýHVNp
%XGČMRYLFH,QWKHILJWKHUHDUHYDOXHVWKDWZHUHPHDVXUHGGXULQJ$XJXVWDQG0DUFKDWWKHSLOODU3
GLUHFWLRQWR3UDKD)URPWKHILJXUHVLWLVSRVVLEOHWRVHHWKDWWKHORQJLWXGLQDOWUDFNEDOODVWUHVLVWDQFHYDULHGLQWKH
UDQJHIURPWRN1PDQGLWLVFORVHWRWKHWKHRUHWLFDOFRQFHSWLRQUHJDUGLQJWKHLGHDOHODVWRSODVWLFEHKDYLRXURI
WUDFNEDOODVW

)LJ7KHK\VWHUHVLVORRSRIWKHORQJLWXGLQDOWUDFNUHVLVWDQFHLQWKHQGWUDFNDWDEXWPHQW23KRXUVF\FOH

)LJ7KHHQYHORSHRIWKHORQJLWXGLQDOUHVLVWDQFHPHDVXUHGGXULQJ$XJXVWDQG0DUFKIRUERWKWUDFNV
DWSLHU3
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&RQFOXVLRQ
$VDJHQHUDOFRQFOXVLRQWKHPDLQIXQFWLRQRIWKHVWHHULQJEDUV\VWHP±WKHUHGXFWLRQRIWKHH[SDQVLRQOHQJWK±ZDV
SURYHG7KHVWUXFWXUHRYHUDOOZRUNVZHOOWRJHWKHUZLWKWKLVV\VWHPDQGWKHGLIIHUHQFHLQGLVSODFHPHQWVE\QHDU
VXSSRUWVDUHFDXVHGE\WKHDGMDFHQWIO\RYHU
,WKDVEHHQREVHUYHGWKDWWKHHIIHFWRIWKHVWDWLFYHUWLFDOORDGWRJHWKHUZLWKIULFWLRQLQWKHEHDULQJVFDXVHVGLVWLQFW
GHYLDWLRQIURPWKHWKHRUHWLFDODVVXPSWLRQV2QO\VPDOOSDUWRIWKHORDGLVWUDQVIHUUHGWRWKHVWHHULQJEDUV\VWHPDVWKH
PDMRULW\RIWKHKRUL]RQWDOIRUFHVLVWUDQVIHUUHGWRWKHVXSSRUWVE\WKHIULFWLRQLQWKHEHDULQJV+RZHYHULWLVSRVVLEOH
WR DVVXPH WKDW E\ LQFUHDVLQJ YDOXHV RI ORDG WKH EHKDYLRXU RI WKH VWUXFWXUH ZRXOG JHW FORVHU WR WKH WKHRUHWLFDO
H[SHFWDWLRQV,WLVDOWKRXJKKLJKO\GHPDQGLQJRUDOPRVWLPSRVVLEOHWRFUHDWHFLUFXPVWDQFHVLQZKLFKVXFKKLJKYDOXHV
RIORDGFRXOGEHSURYLGHG
1HYHUWKHOHVVLWFDQEHJHQHUDOO\VWDWHGWKDWWKLVW\SHRIWKHVWHHULQJEDUV\VWHPSRVLWLYHO\PHHWVLWVH[SHFWDWLRQV
DQGSURYLGHVVWDEOHUHOLDELOLW\WRWKHVWUXFWXUH

$FNQRZOHGJHPHQWV
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GXULQJWKHORDGWHVWVDUHJUDWHIXOO\DFNQRZOHGJHG
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